Summary. The chromosome complements of 12 taxa in section Arachis were karyotypically and meiotically analysed. In taxa with 2n=20 the arm ratio of the respective pair of chromosomes was taken as an independent quantitative character and statistically analysed by Mahalanobis D 2. Two clusters were formed, one represented solely by A. batizocoi and the other consisting of the remaining 11 taxa. This grouping was confirmed by canonical analysis. In the larger group of species, A villosa and A. correntina were closely related karyotypically and on D 2 distance, while A. cardenasii forms a distinct subgroup. A. cardenasii lacks the short "A" chromosome recorded in other species of this group, and A. batizocoi is no longer the only species to have a pair of chromosomes with a secondary constriction, The taxa with 2n=40, A. monticola and A. hypogaea, are karyotypically very similar, though there is a difference in the number of chromosome pairs with a secondary constriction. On the basis of karyomorphological affinity, especially in relation to marker chromosomes, A. cardenasii is probably one of the ancestors of the tetraploid species studied.
Introduction
The genus Arachis has received less attention from cytogeneticists than many other crop genera. This is partly because Arachis chromosomes are technically difficult to observe and also because there has been no concerted effort to isolate and utilize aneuploids or haploids, as in wheat or potatoes, or to utilize wild species in the improvement of the crop, as in wheat or * Approved as ICRISAT Journal Article No. 169 and released for publication tobacco. This paper reports the results of cytological analysis of species being used in a crop improvement programme at ICRISAT. Ghimpu (1930) and Kawakami (1930) were the first to determine the chromosome number of 2n--40 for A. hypogaea. Later, Husted (1933 Husted ( , 1936 identified a pair of small chromosomes, and a pair of chromosomes with a secondary constriction and a satellite, which were designated the "A" and "B" chromosomes, respectively. Since then there have been several other reports, either confirming the earlier studies, or reporting chromosome counts for different species of the genus (Mendes 1947; Krapovickas and Rigoni 1951; Babu 1955; Raman 1958 Raman , 1959 D'Cruz and Tankasale 1961) .
The taxonomy of Arachis has been studied by Gregory et al. (1973 Gregory et al. ( , 1980 . The genus was divided into seven sections, based on morphological similarities, cross-compatibility and fertility of hybrids. A. hypogaea is classified in section Arachis, which presently consists of one other tetraploid species with 2n=40 and eight diploids with 2n = 20. Smartt (1964) observed that several diploid species of section Arachis had "A" chromosomes, and Smartt et al. (1978) reported that A. batizocoi alone had "B" chromosomes. Based on these observations as well as those on pollen fertility of several F1 hybrids of these species, it was tentatively proposed that A. batizocoi and A. cardenasii contributed "B" and "A" chromosomes respectively to A. hypogaea. Earlier, Gregory and Gregory (1976) had suggested A. hypogaea to be a possible tetraploid of an intrasectional hybrid between A. cardenasii and A. duranensis. These hypotheses are yet to be verified.
In this study the chromosomes of 12 taxa in the section Arachis, including A. hypogaea, have been studied in detail, and their full somatic complements have been analysed by D 2 statistics and canonical analysis. This will add to the knowledge of species relationships within the section and the evolution of A.
hypogaea, and ensure the most efficient use of wild species in the improvement ofA. hypogaea.
Materials and Methods
The taxa studied in the present investigation and their sources are listed in Table 1 . The accessions used were received from collections maintained and classified on the basis of their morphological affinities. We have followed the classification of Krapovickas and Gregory (Gregory et al. 1973) ; collections 410 and 10038 represent two different species tentatively named A. stenosperma and A. spegazzini (Gregory Pers. Comm.) . In Arachis species 10038, plants with large leaflets and small leaflets were recorded by Gregory and maintained separately (Pers. Comm.). At ICRISAT the populations from these accessions showed no variability in morphology or chromosome number, other than indicated by the standard deviations quoted in this paper.
The cytological technique of Singh et al. (1980) was used for the study of somatic complements. For meiotic analysis flower buds were first fixed in Carnoy fluid II for 24 h, then in Carnoy fluid I for 24 h and squashed in 1% acetocarmine.
Detailed observations and photomicrography were done on temporary preparations. Arm lengths were measured from ten cells in each taxon, and ann ratios were calculated. Chromosomes were paired according to their structural homology, based on arm length and ratio, and were ranked in decreasing order of length. Duncan's Multiple Range test was used to distinguish groups of chromosomes based on length, within each species.
The observations for 20 chromosome species were statistically analysed by Mahalanobis D 2. The arm ratio of each pair of chromosomes in every species was taken as an independent quantitative character. The calculations of D 2 values involves the steps discussed by Murty and Arunachalain (1967) , where D 2 between i-th and j-th species for K characters were obtained by the equation
Theor. Appl. Genet. 61 (1982) The K components D 2 for each combination were ranked in descending order of magnitude.
Treating D 2 as the generalised statistical distance, all species were grouped into dusters using the Tocher method (Rao 1952) . The criterion used in clustering was that the distance between any two species in the same cluster was less than the intercluster distance. The permissible increase of D 2 within a cluster was the maximum D z value shown by a species to its nearest species (Singh and Chaudhary 1977) . Species were also grouped by canonical analysis to verify the clusters derived by D 2 statistics (Peter et al. 1977) .
For karyotypic formulae, chromosomes were classified on the basis of arm ratio (Stebbins 1958 
Results

Species with 2n = 20
A. villosa and A. correntina have very similar karyotypes (Figs. 1, 2); the genetic distance based on arm ratio is 0.05 (Fig. 3) . Chromosomes 1 and 2 have a similar arm ratio but differ in length. Chromosomes 3 to 5 form a group which cannot be distinguished by length in A. correntina, but one, designated 3 by us, has the nucleolar organizer, and the other two can be distinguished by arm ratio. Chromosomes 6 and 7 are similar to each other. There are differences between the species in chromosomes 8 and 9, but both have a short median 10th chromosome (Fig. 2 , Table 2 ). The next group of 5 species shows wider diversity. A. chacoense, and both the forms of Arachis species 10038, have the satellite on chromosome 3. The satellite chromosome in A. duranensis is chromosome 2, which is not significantly longer than chromosome 3. The satellite in Arachis species HLK 410 is on chromosome 5, which is shorter than chromosome 3; however, there is no significant difference in length between chromosomes 3 and 4 or between 4, 5 and 6. There is little difference between these species with respect to chromosome length and ann ratio of the other chromosomes; chromosomes 1 and 2 can be grouped together. Chromosome 10 is distinct in all these species. Chromosome 9 is also distinct in length and/or arm ratio and is nearly subtelocentric in many of the species (Figs. 1, 2) .
A. cardenasii differs from the above species, in that chromosome 10 is longer and the satellite is on chromosome 9 (Figs. 1, 2) . The ann ratios of other chromosome pairs are also different from the preceding species (Table 2 ). This is reflected in the D = values between this species and other preceding species which are always greater than the average D 2 for the cluster (Fig. 3) .
A. batizocoi is distinct from all the preceding species, sufficiently so to be separated into another cluster (Fig. 3) . It has chromosome 10 longer than in any other species and also differs in the arm ratio of respective pairs of chromosomes, as well as in the range and mean of the arm ratio of the total complement (Tables 2, 3 ).
The analysis of D = values among different diploid species of section Arachis (Table 4) , and grouping by the Tocher method, shows that there are only 2 clusters among the species studied (Fig. 3) .
The canonical analysis showed that the first two canonical roots accounted for 78% of the total variation. The magnitude of the vectors indicates the relative importance of the individual characters in the differentiation of the taxa. This shows that the majority of the variation between the wild diploid taxa studied can be attributed to chromosome pairs 1, 7, 8 and 9 (Table 5) , though all species fall in one region of the ZI, Z2 graph (Fig. 4) , All these species showed regular bivalent formation. Observations on meiotic plates revealed that the "A" chromosomes, wherever present, did not stain as intensely as the rest of the chromosomes; but there was no other indication of the presence of heterochromatin with the staining techniques used.
Species with 2n = 40
In A. monticola and the A. hypogaea cultivars studied, both the "A" and "B" marker chromosomes were present (Figs. 5, 6 ). In .4. monticola, two pairs of chromosomes have secondary constrictions, the 2nd with a small satellite and the 8th with a comparatively large satellite. In A. hypogaea the 8th pair of chromosomes has a large satellite. Both these species are similar karyomorphologically, with small differences in (Tables 3, 6 ). In A. monticola and A. hypogaea 6% and 8% of the cells, respectively, show either one quadrivalent or one trivalent.
Discussion
Base Number
Members of the section Arachis fall into two groups. One has 40 chromosomes and is represented only by A.
monticola and the cultivated A. hypogaea. The other group has 20chromosomes and is represented by species listed in Table 1 . A survey of cytological studies in the genus Arachis shows that taxa with 2n=20 predominate. Thus the basic chromosome number can be assumed to be 10; 2n=20 is the commonest number. This is corroborated by regular bivalent formation in 20chromosome species and the absence of any species with 30 chromosomes. A. monticola and A. hypogaea are therefore tetraploids which have attained diplontic behaviour, though they sometimes show sec- (Table 7) .
Diploid Species
Our investigations on diploid species agree in general with earlier reports on the distribution of "A" and "B" chromosomes (Smartt loc. cit.) . However, we also observed differences between species in the smallest pair of chromosomes and in the number and type of chromosomes with a secondary constriction. Thus the pair of chromosomes with a secondary constriction was not a feature ofA. batizocoi alone, as previously reported (Smartt et al. 1978) . On the basis of chromosome length, the range and mean of arm ratios (Table 2) , karyotypic formulae (Table 3 ) and genetic distance calculated by D 2 statistics (Table 4) , A. batizocoi stands distinct from the rest of the diploid species investigated (Fig. 3) .
A. villosa and A. correntina are very similar karyomorphologically and there is a very low genetic distance between them (0.05) compared to the average distance among the species of this cluster (0.335). These two species are also very similar morphologically. Stalker and Wynne (1979) observed predominantly bivalent formation at meiosis and good pollen fertility in an A. villosa x A. correntina hybrid. Thus all the available evidence presently justifies the use of A. villosa ssp. correntina Burk. rather than treating A. correntina as a separate species. The presence of some quadrivalents (Table 7) in meiosis in A. villosa is indicative of a probable reciprocal translocation.
We received two forms of Arachis species 10038, designated LL and SL by W. C. Gregory to signify types with large and small leaflets, respectively. These were expected to be very similar in karyotype. This was confirmed by the D z analysis, with a distance of 0.07, but when each chromosome pair of SL was compared with the corresponding pair of LL, there were significant differences (P=0.05) between LL and SL with respect to chromosome 3 and chromosome 7; all the other chromosomes were not significantly different. These two forms of Arachis species 10038 are similar to A. chacoense cytologically, but the two taxa are morphologically distinct, and belong to the series Annuae and Perennes of section Arachis; the former was collected in Argentina, the latter in Paraguay.
A. cardenasii differs from the other diploid species in karyomorphology, karyotypic formula and range and means of arm ratios, though the distance by the method of D 2 analysis is not sufficient to justify a third group. Values of D 2 between A. cardenasii and other members of the group, from 0.379 to 0.883, are all greater than the average intracluster distance of 0.335, indicating that A. cardenasii can be considered as a subgroup within the larger cluster.
The remaining taxa, Arachis species HLK 410 and A. duranensis which are not very different from each other cytologically, were collected from Parana, Brazil and Salta, Argentina and may be of common origin or represent one large interfertile group though geographically isolated.
The grouping was verified by canonical analysis. When Z1 and Z2 values were plotted, all the investigated species fall in one region, indicating that all these species have not diverged greatly (Fig. 4) .
Evolution of Diploid Species
Taxa with a symmetrical karyotype (i.e., maximum number ofmetacentric chromosomes) are thought to be more primitive than those with asymmetrical karyotype (Stebbins 1958 ). An arm ratio equal or close to 1.0 reflects a primitive nature. On this criterion, A. villosa and A. correntina have to be considered as the most primitive among the species investigated. The other species are more advanced. A. cardenasii and A. batizocoi, with mean arm ratios of 1.316 and 1.392 respectively, are the most advanced of the diploid species investigated (Table 3) . A. batizocoi can also be considered as the most advanced because of the occurrence of a pair of chromosomes with subterminal centromere (Table 2) , which might have arisen by deletion, unequal translocation or pericentric inversion.
The changes that have taken place in the evolution of the "A" genome species have been within chromosomes 1 and 3 to 9, and only A. cardenasii shows a difference with regard to chromosome 10. The nucleolar organiser chromosome has been involved in these changes in A rachis species HLK 410 and A. cardenasii.
All the diploid species studied form bivalents at meiosis in almost all cells. They have similar mean chiasma frequencies (19.5-20.52 ) and similar terminalization coefficients (0.95-0.98) (Table7). In all interspecific hybrids of these species formation of some bivalents (our unpublished data) indicate that they have originated from a common ancestor, and that the genomes have not diverged sufficiently to prevent recombination between species.
Tetraploid Species
The pair of chromosomes in A. monticola with a small satellite is lacking in both the cultivars studied which belong to two botanical subspecies of A. hypogaea. Otherwise the two tetraploid species are very similar to each other karyomorphologically and in means and range of arm ratios. There is a very high compatibility between the two species and pollen fertility is high in F1 hybrids (our unpublished data), thus indicating that they are phylogenetically very close, as also suggested by Smartt (1964) .
Meiotic analysis in these taxa showed regular bivalent formation in a majority of the cells, suggesting their allopolyploid nature. The secondary association observed in a few cells, in the form of a trivalent plus a univalent or a quadrivalent (Table 7 ) may be indicative of their possible segmental allopolyploid nature.
Evolution of the Tetraploid Species
The karyotype differences between the two tetraploid species studied could have arisen at the tetraploid level, or the species could have evolved separately. A. cardenasii has been suggested as the donor of the "A" chromosomes, and therefore, of the "A" genome, on morphological and phytogeographical considerations (Smartt etal. 1978) . The presence of a previously unnoticed satellite chromosome comparable to that in the tetraploids, and the larger size of chromosome 10 in A. cardenasii indicate that this species could be one of the ancestors of the tetraploids.
A. batizocoi is no longer the only known diploid species in the genus Arachis having a pair of chromosomes with a secondary constriction, though its karyotype is still markedly different from the other species studied. The other species have previously been recognized by the presence of a pair of short "A" chromosomes, though the shortest chromosome in A. cardenasii is longer than that in the rest of this group. Although some of these species can be distinguished karyomorphologically, A. batizocoi is the only one with a karyotype distinct enough to be separated as a different cluster on the basis of D 2 statistics and cluster analysis. A. monticola and A. hypogaea have two pairs and one pair of chromosomes with secondary constriction, respectively. Karyological affinity of chromosomes with secondary constriction between A. cardenasii and A. monticola and A. hypogaea suggest A. cardenasii as an ancestor of the tetraploid species.
